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Abstract. 
Fish meat is rapid1y tenderized in accordance with the storage time after death. 
Tenderization is supposed to be caused by solubilization of collagen in the connective 
tissue induced by matrix metallopr悦einases(MMPs). In the living state， the activity of 
MMPs is regu1ated by endogenous tissue inhibitors of MMP (TIMPs). Thus， we made 
an attempt to produce a transgenic fish line overexpressing TIMP to suppress 
post-mortem muscle tenderization by using medaka， a usefu11aboratory model fish. As 
a resu1t， we have successfully established a transgenic medaka 1ine harbored J apanese 
flounder TIMト2GITIMP-2) gene. Expression of the transgene was confirmed both at 
the transcriptiona1 and trans1ationa1 1eve1s. No apparent1y histo1ogica1 difference in 
musc1e tissues between the transgenic fish (F 2) and norトtransgenic五shwas observed 
immediate1y after death. After storage for 24 h at chilled temperatureラ however.ラ the
muscle fibers remained intact in the transgenic fishラwhilethose in the norトtransgenic
fish were detached each other possib1y due to the 10ss of physica1 strength of the 
connective tissues. This indicates a possibility that overexpressed jITIMP-2 protein 
inhibited the activity of medaka endogenous MMP in vlvo and suppressed the 
proteo1ytic breakdown of collagen that caused the post-mortem mus鉛clet匂endeぽr包a侃tion. 
.fI' 
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Gene transfer into fish embryo by microinjection has been preformed in various fish 
species to produce a transgenic fish line with a superior property (Hackett et al， 1993). 
Among various fish species， medaka has been exclusively utilized as a model fish to 
study the function and application of a useful gene as well as zebrafish (Kinoshita and 
Tanaka， 2003). 
Raw fish dishes such as sushi and sashimi are now being accepted worldwide 
especially in the Westem countries. Texture is one of the important factors determining 
the quality of fish meat as well as taste and color. Generally， tough texture is preferred 
in raw fish dishes particularly in J apan， but fish meat is rapidly tenderized in accordance 
with the storage time after death， even if fish is stored at chilled temperature (Toyohara 
and Shimizu・， 1988; Ando et a1.， 1991). 
Recent studies suggested that toughness of fish meat is mainly dependent on the 
physical strength of the connective tissue binding muscle fibers (Sato et a1.， 1986; Hatae 
et a1.， 1986). Solubilization of collagen from the connective tissues occurs during 
chilled storage， thereby inducing the loss of physical strength of coniIective tissue 
(Ando et a1.， 1991). Solubilization of collagen is supposed to be due to the proteolytic 
breakdown by matrix metalloproteinases (MMPs) ラ because the i訂11司吋サject託ionof 1， 
10酬-phenant也horoline鳥ラ as叩pe切C1出ficinhibitor for恥M乱MPs，ラ suppressed the meat t給ende釘r包a拡tion1 
(Kubot除ae抗tal札1.ラ2001).
The superfamily members of matrix metalloproteinases play an important role in the 
metabolism of the extracellular matrix proteins including various molecular species of 
collagens that are the main components ofthe connective tissues (Massova et a1.， 1998; 
Nagase et a1.， 1999). Among MMPs， MMP-9 is a possible candidate implicating in 
post醐mortemmeat tenderization of fish judged from its substrate specificity (Kubota， M 
et a1.， 2003). The inhibition of MMP activities occurs through interaction with an 
intrinsic inhibitor named tissue inhibitor of MMP (T1MP) which consists of distinct four 
families of T1MPs 1-4 (Brew et a1.， 2000). Among these T1MPs， T1MP醐2is possibly 
involved in the regulation of MMP-9 in fish muscle (Kubota， M et al吋 2003)and we 
could successfully cloJ;le T1MP-2 G汀1Mト2)gene企omJ apanese flounder (Kubota， S et 
a1.， 2003). Thus， inthe present studyラ wemade an attempt to produce a transgenic 
medaka line expr 
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MATERIALAND METHODS 
高1aterials
The medaka strain used in the present study was HιrR. Medaka were kept at 260C 
with a circulating tank system as described (Kinoshita and Tanaka， 2003). Reagents 
used in the present study not specified were ofthe highest quality obtained from Nacalai 
Tesque. 
Construction of an Expression Vector for jITIMP-2 and Microinjection 
Full length of jfTIMト2cDNA (Kubota， S et a1.， 2003) was subcloned into an 
expression vector regulated by the promoter region of medaka skeletal muscle actin 
gene (OlMA1) kindly gifted企omDr. Kusakabe (Kusakabe et al吋 1999).In addi託tiOI民1，ラ a
24 bp linker coding for FLAG s問equence(As叩p圃Ty戸r-L刷.
inserted immediately downstream of t也hejfTI乱M仔P帽2ge自e.
Within 30 min after fertilization， eggs were collected and their attaching filaments 
were removed. About 100 pl of 10 mM phosphate buffer (pH 7.5) containIng 1 mM 
EDTA， 137 mM NaCl， 3 mM KCl， and plasmid DNA at a concentration of 12.5μg/ml 
was injected into cytoplasm before first cleavage as described (Kinoshit五eta1.， 1996) 
Detection of Transgene 
Polymerase chain reaction (PCR) analysis was performed for detection of the 
transgene. The template DNA for PCR analysis was prepared from one day old embryo 
or a part of caudal fin of adu1t fish as follows. The embryo or fin was incubated with 
Proteinase K (Wako) solution containing 150 mM NaCl， 10 mM Tris輔HCl(pH 8.0)， 10 
mM EDTA and 0.1 % SDS at 600C for 18 h. DNA was recovered by phenol/chloroform 
extraction followed by precipitation with ethano1. The precipitate was dissolved in water 
and used as the template DNA. PCR was carried out in 20μ1 solution containing 1.25 
units of Ex-taq DNA polymerase (Takara)， 50 mM KCl， 10 mM Tris-HCl (pH 8.3)， 1.5 
mM MgCh， 0.2 mM dNTP and 10 pmols of each primer (Fw: 
TATAGTCGACGATGACCTGGACGGTGAGCA， Rv: 
TCTGTGCGGCCGCTTACTTGTCAT) designed for the nucleotide sequences in 
jfTIMP-2b (Fw) and FLAG (Rv). PCR was performed in 30 cycles consisting of 940C 
for 30 sec， 600C for 30 sec， 720C for 1 min. Amplified products were analyzed by 
electrophoresis on 1 % agarose gel and stained by ethidiumbromide. 
4 
MS for checking 
Establishment of a Transgenic Medaka Line 
Microinjected eggs were incubated at 260C and grown to adulthood to obtain founder 
fish (Fo). The founder fish (Fo) were mated with nOIトtransgenicfish and the obtained 
fertilized eggs were subjected to PCR analysis. The founder fish whose fertilized eggs 
showed an amplified product with an expected size were determined to be a 
germ圃line圃transformedfish (Fo). Then， the germ幽line幽transformedfish (F 0) was again 
mated with nOIトtransgenic自shto produce F 1 offspring. Each F 1 fish was mated with 
non-transgenic fish and the occurrence of the transgene in the resultant F2 fish were 
analyzed by PCR using a pぽtof caudal fin. Selected F2 transgenic fish were used for 
the following experiments. 
Confirmation of Transcription and Translation of Transgene 
Total RNA was prepared by acid guanidinium-phenol醐chloroformmethods with 
Sepazol酬RNA1 (Nacalai tesque) from the muscle of adult F2 fish. Total RNA was 
reverse酬transcribedusing ReverTra Ace (Toyobo) according to manufacturer 's
instruction. A part of the reverse圃transcriptionproduct was used for PCR analysis. The 
condition and primers was same as those for the detection of the transgene as described 
above. 
Translational product of the transgene was detected by Westem blotting. Dorsal 
muscle excised by a microtome was homogenized with 5 volumes of cold 
phosphate-buffered saline (137 mM NaCl， 8.1 mM Na2HP04， 2.68 mM KCl and 1.47 
mMKH2POもpH7.2) and centrifuged at 10ラOOOgfor 20 min. The obtained supematant 
was subjected to SDS-PAGE (100 f.lg/each lane) using 10% polyacrylamide gels. 
Protein concentration was determined by using a Protein Assay Kit (BIO圃RAD).
Proteins were electrically transferred to a PVDF membrane (Atto). The membrane was 
blocked with Block Ace (Dainippon Pharmaceutical) and then incubated ovemight at 
40 C with ANTI輔FLAGM2 monoclonal antibody (Sigma) diluted at 1 :2000 in Block Ace. 
The membrane was then incubated with goat anti-mouse IgG conjugated to alkaline 
phosphatase (Cell Signaling Technology) for 1 h atroom temperature. After washing 
three times with PBS-T (phosphateゐufferedsaline containing 0.1 % Tween 20) and 
once with 100mM Tris-HCl (pH 9.5) containing 100 mM NaCl and 5 mM MgCh， the 
membrane was incubated with color reagents (l00 mM Tris-HCl， p百 9.5，containing 
100 mM NaCl， 5 mM MgCh， 20 mgゲ1m工nlni註t廿roblue tおet位ra招zoli均umand 150 mgダIml
5.剛ゐ耐七.
addition of 10% acetic acid. 
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Histological ObservatIon 
Dorsa1 muscle excised from the transgenic and nOlトtransgenicfish by a microtome 
was wrapped by a thin p1astic fi1m and stored at 40 C for 24 h. After storage， muscles 
were fixed in Bouin fixative. Fixed musc1e was dehydrated in ethano1 seriesラ and
embedded in paraffin was (MP 58醐600C).Thin sections ofアμmwere prepared with a 
microtome (PR圃50Yamato Koki) and stained with hematoxylin and eosin. Stained 
sections were observed by a light microscope (Nikon mode1 FX-PH幽21).
RESULTS 
Establishment of a Transgenic真tIedal鵠 LineExpressing jITI時'IP-2
Of thirty injected eggs， on1y one ma1e raised from these eggs was shown to be germ 
line transformed by the PCR ana1ysis (data not shown). No apparent1y disorder was 
observed for al the transgenic fish inc1uding Fo， F 1 and F2・Toinvestigate the expression 
Oぱft也hetransgene in the Fれ20f首飴rおsp伊ri泊ngs，R:下PCR and Westem b脱10悦tana1yses were performed r-I --， 
b句y川1u山帥1路S
detected in the F巳2t柱ra組Z担lS怒genicf自lSぬhラbutnot in the non-transgenic自sh.By tbe Westem b10t 
ana1ysis using anti酬FLAGantibody， expression of jfTIMト2protein 、approximate1y
25kDa corresponding to an expected size of TIMト2wasdetected on1y in the F2 
transgenic fish. 
Histological Observation of Muscle Tissue Stored at Chilled Tempera制服
To investigate the change in the muscle tissue after chilled storage， histo1ogica1 
observation by the light microscopy was performed for the muscle tissues excised from 
the transgenic F2 fish and non酬transgenic.N 0 apparent difference between the 
transgenic and non圃transge山 fishmuscle was 0 bserved immediate1y after death. But I Fig.2 I 
after storage for 24 h at chilled temperature， it was clearly demonstrated that the muscle L....-_ _ ----I 
fibers in也etr組 sgenicfish were tight1y attached (Fig.2・1，2)， whi1e those in the 
non-transgenic fish were comp1ete1y detached in most part of musc1e tissue (Fig. 2-3， 
4). 
DISCUSSION 
Our recent study suggested that the solubilization of collagen from the connective 
tissue caused by MMPs is responsib1e for the 10ss of physica1 strength of the connective 
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tissue during chilled storage (KubotaラM et a1.， 2003). Among MMPsラMMP・9is a 
possible candidate implicating in the post圃mortemmeat tenderization of fish (Kubota， 
M et a1.， 2003吟).Since MMP 刷刷剛θ刷
(Kubot匂aラSet a1.， 2003)， we set up a hypothesis that the overexpression of TIMP-2 
protein in fish muscle using transgenic technology could suppress post-mortem meat 
tenderization. MMト9and TIMP-2 play important roles in the embryonic development 
(Massova et a1.， 1998; Nagase et a1.ラ 1999)，予 suggestingt也ha抗tubiquitous expression of 1.--------. 
TIM悶P幽2立m均1
expressing j f汀r口IMP圃♂20∞nl防yl泊nthe muscle by using muscle actin promoter. As illustrated 
in Fig. 3， synthesis and breakdown of collagen is supposed to be well balanced in living 
fish. N evertheless， the balance of synthesis and breakdown is lost after death due to the 
elevation of MMト9activity possibly induced by the breakdown of TIMP-2/MMト9
complex. Transgenic overexpression of jITIMP.・2protein in medaka muscle might 
suppress meat tenderization after death through the inhibition on medaka. endogenous 
MMト9activity in vivo. 
As shown in Fig. 1， mRNA and protein of jITIMP-2 were detected only in the F2 
transgenic fish. This result indicates that the transgene was successfully廿釦scribed釦 d
translated in the transgenic fish line. By the histological observation， the muscle fibers 
in the transgenic fish stored. for 24 h remained intact， whereas those in the 
non-transgenic fish were detached (Fig. 2). This result indicates a possibility出at
overexpressed jITIMP-2 protein inhibited the activity of endogenous medaka MMP-9 in 
vivo and the post-mortem breakdown of collagen was suppressed only in the transgenic 
fish. The present study suggests that the transgenic expression ofTIMP-2 in fish muscle 
possibly improves the quality of fish meat and prolongs the shelf-life of fish by 
suppressing meat tenderization. 
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Fig. 1 Confirτnation of transcription and translation of the jITIMP-2 gene in the 
transgenic medaka. A: R下PCRanalysis of the expression of jITIMP-2 mRNA in the 
musc1e of transgenic fish. B: Westem b悦10侃tanalysis on the expression of jf汀T口I品瓦Mσ位位p.酬鯛剛刷蝋.嗣鱒
protein in the musc1e 0ぱfF巳2transgenic fish. Detai1 experimental conditions are described 
ln “乱1aterialand Methods". 
Fig. 2 Light microscopic observation of the cross section of medaka musc1e. 1: F2 
transgenic fish musc1e immediately after death. 2: F2 transgenic fish musc1e after 
storage at 40 C for 24 h. 3去:Non距1.トトト"胴胴醐刷剛.剛剛廿.
Nor距1ト酬t仕ransgenicfish muscle af武ierstorage a説t40C for 24 h. 
Fig. 3 Schematic illustration of the suppression of musc1e t匂en辻eぽr包a侃tioni泊ntransgenic 
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Abstract: Transgenic technology in fish has been developed mainly in freshwater fish 
and are of wide application in various fields of life science studies. In commercially 
important marine finfish， however， there are few reports on transgenic technology. 
Thus， inthis study， we investigated the construction of expression vectors containing a 
トactinpromoter region for transgenesis in red sea bream (Pagrus major). The s幽actin
genes were cloned from the genomic DNA library of the red sea bream. Recombinant 
plasmids were constructed， including the 5' and/or γflanking region of the gene and the 
GFP gene. To avoid the effect of chorion stiffening， microinjections were conducted 
within 5 min. after artificial insemination. Distinct GFP expression in large areas was 
observed in embryos injected with the plasmids. We therefore success長llyconstructed 
the expression vectors for transgenesis in red sea bream. 
Key words: expression vector， s圃actin，microinjection， Pagrus major 
1. Introduction 
Genetic engineering can be a powerful tool to deve10p and improve the traits of日shfor 
aquaculture. In an effort to achieve this goal， transgenic technology has been app1ied to 
several farmed freshwater fish species， inc1uding carp (Zhu et al.， 2000)， tilapia 
(Oreochromis niloticus， Martinez， et al.， 1996ラ Hwang， et al.， 2003)， coho salmon 
(Oncorhynchus kisutch， Dev1in， etal.， 1994)， Atlantic salmon (Salmo salar， Shears， et
al.サ 1991)，African catfish (Clarias gariepinus， Volckaert， et al.， 1994)， mud loach 
(Misgurnus mizolepis， Nam， etal.， 2001)， and rohu (Labeo rohita， Venugopal， et al.， 
2004). In commercially important marine finfish， howeverラthereare a few reports on 
transgenic technology (Zhang， et al.， 1998; Lu， et al.ラ2002).
Red sea bream is one of the most important fish cultured in J apan.也 Toimprove the 
traits of this species， breeding experiments， including mass selection (Murata， et al.， 
1996)， chromosome manipulation (Kato， etal.， 2001a; Kato， etal.， 2002)， and sex 
control (Kato， etal.， 2001 b) have been conducted. To deve10p transgenic technology in 
a new species， transgenic expression vectors with transcriptional activity in the species 
have to be constructed. The s圃actinpromoters from various fish species are reportedly 
efficient ubi司uitousregulators in the field offish transgenesis (Hwang， et al.， 2003; Liu， 
et al.， 1990a; Noh， et al.， 2003; Takagi， etal.， 1994). In this study， the s-actin gene of 
red sea bream (Pagrus major) was c10ned from the genomic DNA 1ibrary to obtain 
regulatory sequences useful for transgenic expression vectors. Further， we investigated 
the expression of these vectors and examined the suitabi1ity of microinjection as a 
method for delivery of these vectors into fertilized eggs. 
2. Materials and methods 
Isolation and Sequencing 01 the red sea breamβ田actingene 
Genomic DNA was extracted from the whole blood-of a homozygous clone ofred sea 
bream (Kato， etal.， 2002). The genomic DNA was partially digested with EcoR 1， and 
DNA企agmentsunder 10 kb were purified. The genomic DNA library was constructed 
using Lambda ZAP I Predigested EcoR 1 / CIAP醐TreatedVector Kit with Gigapack II 
Gold Packaging Extract (Stratagene) according to the manufacturer's protocol. The titer 
ofthe library was 5.575 x 106pfu /μg vector (1.115 x 104 pfu /μ1). 
Based on sequence information企omthe s幽actingene of other .fish species， the 
primers Act圃F1and Act帽R1were designed and polymerase chain reaction (PCR) was 
performed against the ovarian cDNA of a homozygous clone of red sea bream (Kato， et
al.， 2002). The PCR primers used in this study are shown in Table 1.τhe PCR products 
were sequenced and confirmed to have a sequence similar to that of the βactin genes 
合omother species. The 2 primers Act-F2 and Actぷ2were designed and PCR was 
performed against the genomic DNA of red sea bream. The 728 bp PCR productラ
including an intron， was labeled with a DIG DNA Labeling Kit (Roche)， and used as a 
probe. The library was screenedちyplaque hybridization， and DIG Nucleic Acid 
Detection Kit (Roche) was used for the detection of positive plaques according to the 
DIG Application Manual for Filter Hybridization (Roche). The positive plaques were 
re聞platedand re-screened to obtain a single pure clones. The DNAs were excised from 
the phage vector with ExAssist helper phage (Stratagene). One plasmid， designated 
pBS/pmba， contained a DNA fragment of 5，300 bp at the EcoR 1 site of pBluescript SK 
付.The DNA sequence of this clone was determined with a CEQ DTCS Quick Start Kit 
(Beckman Coulter) and CEQ 2000XL (Beckman Coulter). 
Construction 01 red sea breamβ酬actinexpression vectors 
The putative structure of the red sea bream b-actin gene and the structure of the gene 
constructs used in this study訂eshown in Fig. 1. Green fluorescent protein (GFP) was 
used as a reporter. An expression vector， pXI-GFP (Knaut， etal.， 2002) c6ntaining the 
elongation factor 1α(EF1α) promoter of Xenopus， s圃globinintron ofrabbitラGFPand 
poly A signal sequence of simian virus 40 (SV 40)， was used as a control vector 
(construct 1). To remove the promoter region of the pXI -GFP， PCR using two primers 
pXI-F1 and pXI醐R1with KOD聞Plus帽 DNAPolymerase (Toyobo) was performed and 
the PCR products were purified and dephosphorylated with calf intestine alkaline 
phosphatase (Toyobo). A 5' flanking region (2，291 bp) ofthe translated region ofthe red 
sea bream トactingene was amplified with KOD醐Plus帽 DNAPolymerase (Toyobo) by 
using primers gActP圃F1and gActP圃R1，and ligated into the dephosphorylated fragments 
mentioned above with TaKaRa BKL Kit (Blunting Kination Ligation Kit， TaKaRa). 
The constructed plasmids were transformed into Escherichia co/i XLトBlueMRF' 
strain and then purified (construct 2). To remove the poly A signal sequence of SV 40 of 
the construct 2， PCR using two primers pXI-F2 and pXI-R2 with KOD圃Plus圃 DNA
Polymerase (Toyobo) was performed and the PCR products were purified and 
dephosphorylated with calf intestine alkaline phosphatase (Toyoちの.A 3' f1anking 
region (685 bp) ofthe translated region ofthe red sea bream s幽actingene was amplified 
withKOD回Plus-DNA Polymerase (Toyobo) by using primers gActPA圃Fand gActPA醐R，
and ligated into the dephosphorylated fragments mentioned above with TaKaRa BKL 
Kit (TaKaRa). The constructed plasmids were transformed into E. coli and then purified 
(construct 3). As a negative control， a plasmid without the 5' f1anking region of the 
translated region of the red sea bream s醐actingene of construct 3 was also constructed 
(construct 4). The DNA sequences of al constructs were determined ぬ checkthe 
reliability of PCR reactions. The DNA concentration of al constructsごestablishedwith 
100 ng /μ1 of phosphate圃bufferedsaline solution (pH 7.4)， and add 1 / 20volume of 
0.1 % phenol red for the confirmation ofthe transfer ofthe DNA solution into eggs. 
Microinj ection 
To confirm the in vivo function of constructs 2 and 3， microinjection into 150 zebrafish 
embryos (Meng， et al.， 1999) was performed. The eggs and sperm of red sea bream 
were collected fromふyear，圃oldbloodstocks by the stripping method. To prevent the 
effect of chorion sti百ening，microinjection into red sea bream eggs wasconducted 
within 5 min. after artificial insemination. One minute after insemination， the eggs were 
washed with seawater and Leibovitz's L幽15Medium (Invitrogen)， and then arranged in a 
groove on an acryl plate with L圃15Medium. 1M欄H1Injection Holder Set (N矧shige)
with a glass capillary needle and 3 ml disposable plastic syringe was used for the 
microinjection. The glass capillary needle was pulled and ground using a PC-10 Puller 
(Narishige) and EG-44 Microgrinder (N出shige)，respectively， and the final tip diameter 
was about 0.05 mm. The injection was conducted under a stereoscopic microscope 
(Olympus SZX12) by manual pressure ofthe disposable plastic syringe. Thus， we could 
not estimate the injection volume. Each construct was injected into 3 replicate lots 
consisting of 74 to 176 eggs. The injected eggs were incubated in seawater for 3 days 
at 180C. 
Observation of GFP expression 
GFP expression was observed under a f1uorescence microscope (Olympus， IMT2・長FL)
dai1y for 3 days after injection. As a red sea bream embryo has yellow帽coloredstrong 
autof1uorescence (Figure 2-E)， there is a possibility that the weak GFP expression close 
to the autof1uorescence region was covered by them. Thus， the number of embryos with 
distinct GFP expression was recorded. 
Statistical analysis 
The GFP expression rates (%) were expressed as the means土standarddeviations of 3 
replicate lots. Fisher 's PLSD (Protected Least Significant Difference) test (post酬hoc
multiple comparison) was used to compare the means among the 4 constructs. 
Statistical analysis was performed using a Macintosh computer with the “StatView ver. 
5.0" program (developed at SAS Institute Inc.， USA). 
3. Results 
Gene structure of the red sea bream β岬actingene 
Nucleotide sequence of the chromosomal gene and deduced紅ninoacid sequence of red 
sea bream s-actin has been determined (DDBJ， AB199890). As described in other日sh
species ( Hwang， et al.， 2003; Liu， et al.， 1990b; Liu， et al.， 1991; Liu， et al.， 1990c; 
N oh， et al.， 2003; Takagi， etal.， 1994)， the 5' flanking region of red sea bream s醐actin
gene contains a typical CAAT box， a TATA box， and an evolutionary~ conserved 
CC(AlT)6GG unit， termed CArG motif-like sequences (Figure 1). The coding region 
consists of 6 exons， while those of carp (Liu， et al.， 1990c)， medaka (Takagi， etal.， 
1994)， puffer (Venkatesh， etal.， 1996) and mud loach (Noh， etal.， 2003) have 5 exons. 
Compared with the amino acid sequence of puffer fish (Venkatesh， etal.， 1996)， the 
deduced amino acid sequence of red sea bream di笠ersby three amino acids丘om
beta幽cytoplasmicactin 1 and by one amino acid from beta幽cytoplasmicactin 2. 
GenBank accession numbers were as follows: carp M24113， medaka S74868， pu茸er
beta.聞cytoplasmicactin 1 U37499 and 2 U38848， mud loach AF270649， and tilapia 
AYl16536. 
Observation ofGFP expression 
The survival rate on the 4 days a設erinjection of the zebrafish embryos injected with 
construct 2 and 3 were 63 and 53 %， respectively. Distinct GFP expressions were 
observed in zebrafish embryos injected with both constructs 2 and 3 (Figure 2A， B)， and 
the expression rates were 2.1 and 7.6 %， respectively. This result shows the in vivo 
function of constructs 2 and 3 and indicates the 5' flanking region of the red sea bream 
トactingene has promoter or enhancer activity in zebrafish. 
The numbers of surviving and GFP expression embryos of microinjected eggs are 
shown in Table 2. The survival rates at 3 days after insemination of the non-injected 
control were over 95% (data not shown). The survival rates of injected eggs ranged 
from 24.3 to 80.2%， 13.1 to 48.0%， and 7.7 to 40.3% at 1， 2， and 3 days after injection， 
respectively. The.large variation in survival rate may be due to the shape of the tip of the 
glass capillary needle developed by us. The phenotype of GFP expression in the 
embryos injected with construct 1-3 
4. Discussion 
Microinj ection is the most populぽ formof gene transfer into fish embryos because of 
its reliability; however， the rapid hardening of chorions following fertilization interferes 
with the penetration by injection needles (Hackett， etal.， 2000). To overcome this， we 
performed the injection within 5 min. after the repetition of artificial insemination. In 
most cases， microinjection was conducted into one圃celembryos. The difference in the 
expression rate and integration into chromosomes of the transgene between 
microinjection into one帽cel embryos and embryos just after injection is unknown. 
Further research is required. 
GFP expressions were observed in embryos injected with construct 1 (Figure 2C). 
This shows the transcriptional activity of the Xenopus EF 1αpromoter in red sea bream 
embryos， but the expression rates were significantly lower than those of embryos 
injected with construct 3. GFP expressions were also recognized in embryos injected 
with constructs 2 and 3， inc1uding the 5' flanking region of the red sea bream s圃actin
gene for 3 days after injection， however， no GFP expression was observed in embryos 
injected with construct 4 without the region from construct 3. This suggests that the the 
5' flanking region of the red sea bream トactingene used in this study has promoter 
activity in red sea bream embryos and we successfully constructed an e~pression vector 
for transgenesis in red sea bream. GFP expression rates of construct 3 were higher than 
for construct 2 and the difference was significant at 3 days after injection. This indicates 
some difference in transcriptional regulation between the poly A signal sequence of SV 
40 and the 3' flanking region ofthe red sea bream s-actin gene. 
The GFP expression of embryos injected with constructs 1-3 showed extensive 
mosaicism (Figure 2A， B， C and E). Its expression in each emちryowas patchy and not 
ubiquitous， with some tissues expressed strongly and some not. U sing ubiquitous 
regulatory sequences， variations in spatial transient expression p釧 ernshave also been 
observed in zebrafish (Stuart， et al.， 1990)， medaka (Takagi， etal.， 1994)， and ti1apia 
(Hwang， et al.， 2003). The level of expression is probably strongly related to the 
transgene copy number present in each cel (Rahman， et al.， 2000). Distinct GFP 
expressions in the yolk syncytiallayer in embryos injected with constructs 2 and 3 were 
also observed (Figure 2A， B and E). Simi1ar observations and explanations were 
described in zebrafish (Williams， etal.， 1996) and ti1apia (Hwang， et al.， 2003). 
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Figure 1. The putative struc旬reofthe red sea bream s-actin gene (A) and the structure ofthe gene construct used in this s知dy(B). 
Figure 2. The GFP expressing zebrafish (A， B) and red sea bream (C-E) embryos. A and B， 4 days old larvae of zebrafish injected 
with construct 2 (A) and 3 (B); C， embryos at 42 hours after insemination injected with construct 1; D， embryos at 20 hours 
after insemination injected with construct 2; E， embryos at 42 hour after insemination injected with construct 3. Arrows 
show the embryo' s autofluorescence. 
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よばれる膜状の IV型コラーゲ、ンからなるシートで、おおわれ、基底膜は V型コラー ゲ、ン
3 
を介して繊維状の l型コラーゲ、ンにつなぎ、とめられているものと推測される。量的には














す MMP…9に注目し、ヒラメからその cDNAをクローニングしたO lH6)昆虫締胞を用い
てその紐換え体を作製し、別に調製した粗結合組織画分に低温度条件下で作用させ









MMP阻害タンパク質で、あるTissueInhibitor of Metalloproteinase (以下TIMPと略)が
関わっており、これまで、ヒトではずIMPl-4の4種類のTIMP分子穫の存在が知られてい
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